ABSTRACT: Eighty-six crossbred (Duroc x Yorkshire) gilts were used in two trials to assess the effect of supplemental dietary fats during early gestation on fetal survival, fetal development, and fatty acid (FA) composition in gilt plasma and fetal head and body at d 37 to 45 after breeding. Three diets contained 4% (wt/wt) added fat either as coconut, soybean (SO), or menhaden oils (MO). A fourth diet containing corn starch approximately isoenergetic to the quantity of the oils was used as a control. Across both trials, fetal survival percentage did not differ ( P . l o ) according to treatment, but in Trial 2 fetal survival was higher ( P < .06) for gilts fed the MO diet than for gilts fed the control diet. The FA composition of plasma of gilts at slaughter and the conceptus tissues were similar; both were influenced by the FA composition of the diets. The ratio of n-3:n-6 FA was higher in conceptus tissue than in maternal plasma and the ratio was higher ( P < .05) for the MO diet than for the other diets. Subsequently, a total of 46 multiparous females were used in three trials to further evaluate the effects of MO on percentage of fetal survival relative to the corn starch control diet; the results demonstrated no differences ( P > . l o ) in percentage of fetal survival due to the addition of MO. The high percentage of fetal survival observed in gilts on all the treatments and the unequal ovulation rate in sows on different oil diets precluded definitive conclusions regarding the effects of supplemental oil on fetal survival. Further research is necessary to determine whether an altered dietary FA composition, and the resultant altered FA composition of fetal tissues, contributes t o improved fetal survival; however, SO, a supplier of the 18-carbon omega-3 FA a-linolenic acid, did not provide the same FA composition in plasma and conceptus tissue that MO, a supplier of preformed long-chain omega-3 FA (20:5n-3 and 22:6n-3), provided.
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Introduction
The need for greater reproductive efficiency in swine production has led to extensive research on factors influencing litter size and prenatal mortality.
Day ( 19 79 1 observed that fertilization rate approached 10096, but approximately 40% of fertilized ova and fetuses were reabsorbed or aborted during pregnancy. The specific causes of porcine embryo deaths are still unclear.
The maternal diet must supply the additional nutrients needed for uterine, placental, and fetal growth. An area of nutrition that has seen little research attention in swine, but that may have importance, is the specific fatty acid ( FA) needs of the developing embryolfetus. There is indirect evidence that the fertilized egg and developing embryo may have a requirement for cy-linolenic acid, one of the omega-3 FA (Naughton, 1981; Samulski and Walker, 1982) . Some available sources of a-linolenic acid are oils of vegetable origin such as soybean, canola, and linseed oils. Some types of fish oils are particularly rich in the longer chain omega-3 FA (Stansby, 1990) such as eicosapentaenoic acid (EPA) and docosahexaenoic acid ( DHA).
The objectives of this study were 1 j to determine whether soybean oil or menhaden oil supplementation would enhance embryo survival in pregnant gilts and 2) to determine whether the response, if observed, was related to their omega-3 FA content by comparison to coconut oil, an oil devoid of omega-3 FA.
Experimental Procedures
A total of 86 crossbred (Duroc x Yorkshire) gilts were used in two trials (50 gilts in Trial 1 and 36 gilts in Trial 2 ) to study the effects of supplemental dietary FA during early gestation on fetal survival, fetal development, and FA concentration in sow blood plasma and fetal head and body tissue. Beginning at 160 d of age, the gilts were checked daily to detect estrus by exposing them to mature boars for a period of 15 min. Ten to 17 d after the first standing heat, each gilt was randomly assigned to one of four dietary treatments with the restriction that genetic background be balanced as much as possible across the dietary treatments. The care, treatment, and slaughter of animals followed guidelines previously outlined (Consortium, 1988) .
Dietary treatments consisted of three diets with 4% (wt/wt) added oil, and a fourth diet with added corn starch (Cargill, Eddyville, IA) equal to 225% of the amount of added oil to approximately balance the energy content with that of the added-oil diets. Composition and calculated analysis of the basal cornsoybean meal diet is shown in (Watkins, 1990) , and 100 ppm of ethoxyquin as an antioxidant was added to all diets. The number of gilts assigned to each of the treatments in Trials 1 and 2, respectively, were as follows: 12 and 9 o n the corn starch diet, 13 and 9 on the coconut oil diet, 13 and 9 on the soybean oil diet, and 12 and 9 on the menhaden oil diet. One gilt on the corn starch diet and one gilt on the menhaden oil diet failed to breed in Trial 1. The number of gilts slaughtered on each treatment were 11 and 7 for corn starch, 13 and 9 for coconut oil, 13 and 8 for soybean oil, and 11 and 8 for menhaden oil for Trials 1 and 2, respectively. Two to four gilts were penned as a group by diet. Diets were prepared biweekly in a vertical singlescrew mixer. Small amounts of oil were added throughout the mixing operation to assure that a homogeneous blend of ingredients was obtained. Representative samples of the different diets at the different mixings were pooled and analyzed for FA composition.
At d 35 after extrus expression, daily heat detection was reinitiated. Gilts were bred twice at first standing heat, immediately and then 8 to 10 h later, using different boars by either natural service or by artificial insemination of freshly collected semen. This was the third estrus cycle for all gilts and removed the possible effect of variation of estrus cycle on reproductive responses. Gilts that were bred successfully were grouped by treatment and kept in pens measuring 1.7 m x 3.0 m, Gilts were slaughtered on d 37 to 45 after breeding. The gravid uterus was removed and separated from the mesometrium. Then, each placental unit was separated by opening the uterus at the anterior end of the right horn and progressing toward the left horn. Sex, length, weight, and position of the fetuses were recorded as well as placental-fetal units in the process of reabsorption. Number of corpora lutea were visually counted by a minimum of two individuals and were assumed to be an estimate of the ovulation rate (Pope and First, 1985) . Placental weights were taken and recorded including the necrotic tips but excluding allantoic and amniotic fluids. Fetal survival percentages were calculated using both the total number and the number of presumably live fetuses compared with the total number of corpora lutea counted.
Conceptus samples were stored in plastic bags and frozen at -20°C for subsequent analysis. The fetal and placental samples were randomly divided into three sets. The first set was used for the analysis of total fat content and FA composition, the second set was used for dry matter and total protein determinations. The third set was retained for possible future reanalyses.
The gilts were weighed at breeding and on the day of slaughter. Blood samples were taken prefeeding from each gilt on d 1 after breeding and on the day of slaughter by jugular venipuncture; heparin was included in the collection tube as an anticoagulant. Blood samples were placed on ice or in a refrigerator and subsequently centrifuged for 15 min at 500 x g . Plasma samples were collected into plastic tubes and frozen immediately at -20°C for later determination of FA composition.
Tissues were thawed and weighed before analysis. Each fetal or placental tissue sample was placed in a plastic flask and a phosphate saline buffer ( 2 M NaC1, .05 M NaZHP04, .0002 M EDTA) was added t o a volume of 50 (for fetal tissue) or 100 mL (for placental tissue) and then homogenized. Each homogenate was poured into a labeled centrifuge tube and stored at -80°C for subsequent analysis. Dry matter was determined using a drying oven a t 110°C for 5 d. Total protein was determined by the bicinchoninic acid assay method described by Smith et al. (1985) . The commercial assay kit (BCA Protein Assay Reagent, Pierce Co., Rockford, IL) included the standard (bovine serum albumin) and the bicinchoninic acid reagent. Three aliquots of well-mixed homogenate were placed on microtiter plates. Protein was determined by measuring absorbance at 540 nm using an ELISA reader Titertek MCC/340R (Flow Laboratories, McLean, VA).
Lipids in plasma and fetal tissues were extracted with ch1oroform:methanol (2: 1, vol/vol). Polar lipids (which are essentially the membrane lipids) from the fetal tissues were isolated by solid-phase extraction (Hamilton and Conai, 1988) . Methyl esters of fatty acids were prepared by using boron trifluoride ( 14 % ) and analyzed by capillary gas-liquid chromatography (Phetteplace and Watkins, 1990) . The methyl esters were extracted in hexane for chromatographic analysis by an HP 5890A gas chromatograph equipped with a flame ionization detector, autosampler, and integrator (Hewlett-Packard, Avondale, PA). A DB 225 (25% cyanopropylphenyl) fused silica capillary column ( J & W Scientific, Rancho Cordova, CA; 30 m x .25 mm i.d.) was used with helium as the carrier gas. The initial oven temperature of 196°C was held for 12 min and increased at a rate of .9"C/min until the final temperature of 214°C was reached. The total gas chromatographic run time was 40 min. An external standard mixture prepared from known amounts of triacylglycerols and methylated fatty acids (Nu Check-Prep, Elysian, MN) was used to obtain retention times and to develop the calibration Three trials were conducted with weaned sows to further assess the potential for menhaden oil diets to affect fetal survival rate.
Upon weaning sows were subgrouped by litter size nursed and lactation weight loss. Dietary treatments, either starch or menhaden oil, were randomly assigned t o the sows within the subgroups with the restriction that genetic background be balanced as much as possible across the dietary treatments. The number of sows assigned t o each of the treatments in the three trials, respectively, were as follows: 7, 9, and 7 on the corn starch diet and 6, 10, and 7 on the menhaden oil diet. The number of sows slaughtered on each treatment were 5 , 7, and 6 for corn starch and 6, 10, and 5 for menhaden oil for the three trials, respectively. The diets were fed to the sows beginning d 1 postweaning at the same rate as in the gilt trials. Housing of the sows, breeding procedures, and slaughter of the sows were the same as in the gilt trials. Upon slaughter, corpora lutea were counted and fetal number recorded. No physical or chemical measurements of the fetuses were made.
Statistical Analysis. Each individual gilt or sow was considered the experimental unit. The GLM procedures of SAS ( 1989) were used for all analysis of variance. The model included terms for dietary treatment, trial, and the interaction of those factors. Homogeneity of variance among trials was tested by
Hartley's fmax test as described by Gill ( 1978) . Day of gestation a t slaughter was used as a covariant for the following response criteria: weight at slaughter, number of corpora lutea, total number of fetuses, gestational weight gain, percentage of fetal survival, number of fetuses alive, placental weight, crown-rump length, fetal weight, total fetal tissue protein ( a s is and DM basis), and total placental tissue protein ( a s is and DM basis). Five other variables (gilt age at estrus, gilt weight at estrus, age at breeding, weight at breeding, and mean estrus cycle length [(age at breeding -age a t estrus)/21) were believed not to be influenced by days of gestation and were analyzed only as an assessment of uniformity with regard to treatment allocation. Tukey's multiple comparison procedure was used to separate dietary treatment means.
Results
The analyzed FA composition of the dietary oils and diets are shown in Table 2 . The FA composition of corn k m a l l amounts ( . l t o .5%) of 6:O were analyzed in CO and of 14:ln-5, 15:0, 15:1, 18:3n-6, 20:2n-6, 20:3n-6, 20:3n-3, 22:1n-9, 22: 4n-6, 22:5n-6, and 24:ln-9 were analyzed in MO.
'Source: White (1992) . dTrace amount detected, value less than .05%.
Where SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids. (White, 1992) . The total n-3 polyunsaturated fatty acids (PUFA) in the menhaden oil diet was more than fivefold greater than in any other diet ( Table 2) . The polyenoic acid content in saturated oils such as coconut oil were known to be minimal and the n-3:n-6 PUFA ratio cannot be calculated for the oil itself.
Of the 84 gilts that were bred on their third estrus in the two trials, four gilts (two from the starch diet, one from the soybean oil diet, and one from the menhaden oil diet) were not pregnant at the time of slaughter, which gave a pregnancy rate of 95.2%. The gilt reproductive traits (Table 3) were not influenced ( P > .lo) by the addition of the various types of dietary oils. Although differences for fetal survival across treatments were not significant ( P > .lo), a single degree-of-freedom comparison demonstrated that fetal survival in Trial 2 was higher ( P < .06) for gilts fed the menhaden oil than for gilts fed the control diet, 93.7 vs 78.8%, respectively. The physical fetal and placental measurements of crown-rump length, fetal weight, and placental wet weight were not influenced ( P > .lo) by dietary treatments (Table 3 ) .
Also, the fetal and placental protein contents, which averaged 324 and 120 mg of proteidg of tissue (DM basis), respectively, were not influenced ( P > .lo) by dietary treatments. The use of heparin as a blood anticoagulant is not recommended in evaluations related to free fatty acid concentrations in plasma because heparin is a lipoprotein lipase activator.
In this study, however, the FA compositions of the plasma evaluated are of the total lipid portion rather than just the free fatty acid portion and, hence, the use of heparin would not be expected to have altered treatment responses. The FA composition of the plasma total lipid obtained from gilts at the time of slaughter was generally positively related t o the FA composition of the diet fed (Table  4) . Gilts fed the coconut oil diet had the highest level of 12:O and 14:0, whereas gilts fed the menhaden oil diet had the highest level of 16:ln-7, 20:5n-3, 22: 572-3, and 22:6n-3.
The total amount of saturated fatty acids ( SFA) in the plasma was the largest in gilts fed the coconut oil diet compared with the other diets (Table 4) . Total monounsaturated fatty acids (MUFA) levels were lower ( P < .05) in gilts fed soybean oil and menhaden oil diets than in gilts fed starch and coconut oil diets. Total PUFA did not differ by treatment. The total n-6 level was lowest and the total n-3 level of PUFA was highest for gilts fed the menhaden oil diet; thus, the n-3:n-6 ratio was the highest for gilts fed the menhaden oil diet. The ratio of n-3:n-6 PUFA did not differ among gilts fed starch, coconut oil, and soybean oil diets.
Fatty acid levels in the conceptus tended to mirror those in the plasma; but some differences were observed (Tables 5 and 6 ) . As with plasma, the concentrations of 14:O and 16:O were larger for the head portion of the pig conceptus from gilts fed the coconut oil diet than those from gilts fed menhaden oil (Table 6 ) . Similar t o plasma, the concentrations of 20:5n-3 and 22:5n-3 in the head and body portion of the conceptus from gilts fed the menhaden oil diets were much higher ( P < .05) than for the other treatments. However, unlike plasma, the concentrations of 16:ln-7 and 22:6n-3 were not influenced by dietary oil treatments. Also, similar t o plasma, the concentrations of 20:4n-6 and 22: 4n-6 in the conceptus from gilts fed the menhaden oil diet were much lower ( P < .05) than those for the other dietary treatments.
The total PUFA and n-3 PUFA were generally slightly higher in the body portion of the pig conceptus than in the head portion of the pig conceptus (Table 5 and 6 ) . The n-3:n-6 ratio was very similar for the body and head portions and the ratio was more than aExpressed as milligram of fatty acid per 100 mL of plasma. Least squares means adjusted for days of gestation using covariate analysis. Data are means of six gilts from Trial 1 only.
bWhere SR = starch; CO = coconut oil; SO = soybean oil; MO = menhaden oil.
CTraces of 10:0, 20:0, and 20:3n6 also determined but not presented. dND = Not detected. A value of zero was assigned for the statistical analysis.
e,f,gMeans with different superscripts within rows differ ( P < .05
&Where SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.
threefold larger for gilts fed the menhaden oil diet than for those fed starch, coconut oil, and soybean oil diets, which had similar ratios.
The three additional sow trials assessing the potential effect of menhaden oil on fetal survival (Table 7 ) did not confirm the effect of menhaden oil observed in Trial 2 (that is, fetal survival higher [P <
.061 for gilts fed menhaden oil than for the controls, 93.7 vs 78.8%, respectively). Both total and live survival percentages differed ( P < .03) after three trials (the two gilt trials and the initial sow trial) but the unequal ovulation in Trials 4 and 5 (the final two sow trials) complicated comparisons of survival percentages; the mean response was quite similar to that observed after two trails. Chi-square analysis of conception rate did not find the 9% increase t o be significant ( P > .05).
Discussion
Several authors have reported that during late gestation only small amounts of dietary FA are transferred from the sow to the fetus (Thulin et al., fWhere SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.
1989; Ramsay et al., 1991) . In the present experiment, which involved compositional evaluations early in the second trimester, the addition of 4% menhaden oil containing relatively high levels of n-3 PUFA (31.3% of total FA) to the basal corn soybean meal diet increased the concentration of n-3 PUFA in the plasma, and in the head and body portions of the conceptus compared with the conceptus from gilts fed starch (control), coconut oil, or soybean oil. Even though soybean oil contained a source of n-3 PUFA (4.4% of the total FA), the concentrations of n-3 PUFA in the plasma and conceptus were similar to those from gilts fed corn starch or coconut oil diets.
The a-linolenic acid derivatives EPA (20:5n-3) and DHA (22:6n-3) are known to have an important role in the development of the nervous system of mammals at prenatal and early stages of gestation (Sinclair and Crawford, 1972; Lamptey and Walker, 1976; Neuringer and Connor, 1986) . A deficiency of n-3 PUFA, consequently, may be related to fetal death loss. Although in our trials the plasma concentrations of certain omega-3 PUFA were increased in gilts fed the menhaden oil diet, reproductive and fetal and placental measurements were not generally improved compared with the starch or other treatments. Anderson bWhere SR = starch; CO = coconut oil; SO = soybean oil; MO = menhaden oil. c,dMeans with different superscripts within rows differ ( P < .05).
Where SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids. (1974) states that "by day 25 about 33% of embryos die and this increases to 40% by day 50" of gestation; but given that fetal survival rate in the present study was high for all gilts (exceeding 76% on all oil treatments) this may have been a factor masking the effect of omega-3 PUFA. Even though differences for fetal survival across treatments were not significant, embryo survival in Trial 2 was higher ( P < .06) for gilts fed the menhaden oil diet than for gilts fed the control diet, 93.7 vs 78.8%, respectively. The addition of slaughtered sows to assess the specific effects of the menhaden oil on fetal survival did not clarify the issue. Both total and live pig survival percentages were greater after three trials ( P < .03) but did not differ after the five trials. The changing corpora lutea number in the last two sow trials confounded the survival percentages; attempts to extract the most information from these sow trials by comparing only matched littermates on the two treatments magnified the litter size response to menhaden oil but did not change the statistical significance. The mean response in number of total and live fetus and conception rate is similar to that of Palmer et al. ( 1970) , who reported that the addition of 6% whole menhaden fish meal for two parities resulted in .9 more live pigsflitter at birth than from control sows ( P < .05). They also observed an increase of 8.2% in sows farrowing as a percentage of sows bred for sows fed the fish meal diet. The increase in oil content of the gestation diet would indicate that the fish meal contained approximately 5% oil. It has been pointed out, however, by Baker et al. (1974) that the basal diet in the Palmer et al. ( 1970 ) study did not contain supplemental vitamin E or selenium and that the addition of the fish meal would be a favorable source of both nutrients. Baker et al. (1974) did not observe improvements in reproductive performance when adding 3% menhaden fish meal to gestational diets.
Evidence for the improved embryo/fetal survival properties of certain types of dietary PUFA such as linoleic acid (18:2n-6) fed during the first weeks of gestation has been reported (Fengler, 1990) ; however, in that report the only difference in embryo/fetal FA content was an increase in the DHA content of fetuses from females supplemented with the oils. The increase in DHA could not be due t o the linoleic acid, however, because DHA is an elongatioddesaturation product of a-linolenic (18:3n-3) acid rather than linoleic acid. The results of our experiment do not demonstrate increases in the DHA content of fetuses but do show an increase in the n-3:n-6 ratio of fetus head and body over plasma values of the dam. Furthermore, our data show clear increases in the content of the omega-3 PUFA EPA and docosapentaenoic acid in fetuses from gilts fed the menhaden oil diet, the diet that provided an increase ( P < .06) in fetal survival in one trial. There is indirect evidence that mammalian fetuses have the ability to elongate a-linolenic (18:3n-3) to longer chain derivatives such as EPA (20:5n-3), docosapentaenoic acid (22:5n-3), and DHA (22: 6n-3) (Purvis et al. 1983) ; however, the source of alinolenic acid in this study, soybean oil, did not serve to provide the same results as the source of the longer chain omega-3 derivatives, menhaden oil. The developing pig fetus did not have the ability to elongate the abundant source of a-linolenic acid (18:3n-3) in this trial and was not able to derive the same level of longer chain omega-3 PUFA from soybean oil that it did from menhaden oil. Because a-linolenic acid is the major omega-3 PUFA in lipids of plant origin, whereas longer chain derivatives of the omega-3 family (DHA and EPA) are rich in lipids of certain fish, a fish oil may be necessary for supplying DHA and EPA. Further research is necessary to investigate the role of omega-3 PUFA in the development of the fetal pig and the possible influence of these PUFA on fetal survival in swine.
Implications
Maternal dietary fat influences the fatty acid composition of plasma and of tissues in the developing fetus. The markedly higher concentration of omega-3 polyunsaturated fatty acids in fetal tissues support the hypothesis that omega-3 polyunsaturated fatty acids play an important role in the developing fetus. Although compositional changes were observed in the fetus due to supplementation of the gilt diet, the high percentage of survival observed in all the treatments precluded firm conclusions relative to the relationship of those compositional changes to survival. As research continues to evaluate lipid effects on reproduction (i.e., fetal survival and conception rate), it should focus on specific fatty acid requirements for reproduction in the sow. These studies may reveal linoleic acid is not the only essential fatty acid with respect to reproduction.
